A label-free cyclic assembly of G-quadruplex nanowires for cascade amplification detection of T4 polynucleotide kinase activity and inhibition.
Several fluorescence methods have been developed for sensitive detection of PNK activity based on signal amplification techniques, but they need fluorescently labeled DNA probes and superabundant assistant enzymes. We have addressed these limitations and report here a label-free and enzyme-free amplification strategy for sensitively and specifically studying PNK activity and inhibition via hybridization chain reaction (HCR). First, the phosphorylation of hairpin DNA H1 by T4 PNK makes it be specifically digested by lambda exonuclease (λ exo) from 5' to 3' direction to generate a single-stranded initiator which can successively open hairpins H2 and H3 to trigger an autonomous assembly of long DNA nanowires. Meanwhile, an intermolecular G-quadruplex is formed between H2 and H3, thereby providing fluorescence enhancement of N-methyl mesoporphyrin IX (NMM) which is a highly quadruplex-selective fluorophore. So, the PNK activity can be facilely and sensitively detected by using NMM as a signal probe which provides a low background signal to improve the overall sensitivity, resulting in the detection limit of 3.37 × 10(-4) U mL(-1). More importantly, its successful application for detecting PNK activity in a complex biological matrix and studying the inhibition effects of PNK inhibitors demonstrated that it provides a promising platform for screening PNK inhibitors as well as detecting PNK activity. Therefore, it is a highly sensitive, specific, reliable and cost-effective strategy which shows great potential for biological process research, drug discovery, and clinical diagnostics.